Mongolian gerbil 2-cell embryos were cultured in modified M16. When osmolarity of the medium with 5.0 mmol glucose l -1 was varied by adjusting the amount of NaCl added, 2-cell embryos at 280, 290, 300 and 310 mOsmol developed to the 8-and 16-cell stages. The incorporation and oxidation of 14 C-Methionine were compared between fresh recovered and cultured embryos at the 1-cell to 16-cell stages. Development beyond the 8-cell stage of fresh recovered embryos showed an enhanced rate of total protein synthesis, indicating activation of the transcription process of the embryonic genome. However, we found that the lowest incorporation and oxidation of 14 CMethionine was observed in cultured embryos of the 16-cell stage at 115 h after hCG injection. In the medium without phosphate, glucose promoted development of 2-cell embryos to the 8-cell stage, and low concentrations of glucose were necessary for the development of the 2-cell to 8-cell stages. These results suggest that Mongolian gerbil preimplantation embryos can be cultured in vitro in a chemically defined medium with a low concentration of glucose.
he Mongolian gerbil is a model experimental animal for epilepsy [1] , but its estrous cycle and gestational period are still unclear.
We reported that Mongolian gerbil 1-cell embryos can develop in vitro to blastocysts in coc u l t u r e w i t h o v i d u c t c e l l s i n T C M 1 9 9 supplemented with pyruvate, lactate and fetal bovine serum [2] , but could not be developed consistently to the blastocyst stage in a chemically defined medium in vitro [3] . Also, Mongolian gerbil 2-cell embryos developed in vitro to the 16-cell stage [3] .
I n m a n y a n i m a l s t h e e a r l i e s t s t a g e s o f development occur independently of major activity of the embryonic genome and are controlled by oocyte or follicular components assembled during oogenesis [9] . But, it is unclear why, in vitro, there is development block of Mongolian gerbil embryos in the chemically defined medium. An indirect approach to overcome cell-block of Mongolian gerbil embryos would yield information on requirements for embryo development in the in vitro culture system. Schini and Bavister [10] reported that phosphate and glucose are responsible for the developmental block of hamster embryos at the 2-cell stage in vitro. They obtained consistent development of hamster embryos in vitro beyond the 2-cell and 4-cell stages to the blastocyst stage in modified Tyrode's medium that did not contain glucose or phosphate [10] [11] [12] [13] . However, it is not clear whether phosphate or glucose affect Mongolian gerbil em bryo d evelopm en t in depe nde ntly or i n combination. In addition, the osmolarity of culture medium plays an important role in development of Accepted for publication: September 3, 2004 Correspondence: H. Tsujii (e-mail: htsujii@gipmc.shinshu-u.ac.jp) mammalian embryos in vitro [4] [5] [6] [7] [8] , but it is unclear whether osmolarity affects in vitro development of Mongolian gerbil embryos.
This study was conducted to examine in vitro development of Mongolian gerbil embryos focusing on the effect of the osmolarity of the culture medium, the cell stage of embryonic development block, and the effect of glucose and phosphate in the culture medium.
Materials and Methods

Animals
Ten-to twelve-week-old adult virgin female Mongolian gerbils were used at unselected times of t h e i r e s t r o u s c y c l e s . T h e s e a n i m a l s w e r e maintained and used in accordance with the G u i d e l i n e s f o r R e g u l a t i o n o f A n i m a l Experimentation (Faculty of Agriculture, Shinshu University). They were maintained under controlled light conditions (12 h light: 12 h darkness; lights on at 6:00 a.m.) and allowed free access to a pellet diet and tap water. Gerbils re c ei v ed 20 IU o f p r eg n an t m are s er um gonadotropin (Peamex, Sankyo Ltd., Japan) followed after 54 h by 20 IU human chorionic gonadotropin (hCG; Puberogen, Sankyo Ltd, Japan) [14] . The hormone preparations were injected subcutaneously with 0.1 ml of sterile saline. After hCG injection, the animals were mated overnight with fertile males of the same colony. Experiment 2: Incorporation and oxidation of 3.7 MBq/ml 14 C-Methionine (American Radiolabeled Chemicals, Inc. USA)(specific activity 22 kBq/mM) were examined according of the method of Brinster [16] . Embryos at the 1, 2, 4, 8 and 16-cell stages were used. The experiment was conducted by comparing embryos immediately after collection (fresh recovered embryos) with embryos cultured for one hour in M16 medium (cultured embryos). The embryos in each group were pooled with the m e d i u m , a n d 5 e m b r y o s h a v i n g n o r m a l morphology were transferred to M16 medium with 100 µl non-isotopic Methionine and 4 mg/ml polyvinyl alchohol (Sigma, St. Louis, MO) in one microtube for incorporation, and 1 ml 2.5 mM NaOH in another microtube for oxidation. The contents of th e two micro tubes were th en transferred to a scintillation vial. The scintillation vials were then made airtight and incubated for 1 h at 37 C. Then the reaction was stopped by the addition of cold trichloro acetic acid (TCA) to a final concentration of 5%. The acid insoluble materials were washed several times by Millipore filtration (scwp 8 µm) with 5% TCA and ethyl alcohol. The incorporation and oxidation of 14 CMethionine were determined in a scintillation counter and five samples were used for each estimation. The radioactivity in each sample was determined in a liquid scintillation counter (LS-6500, Beckman Instruments, Inc. USA).
Embryo collection
Experiment 3: The effects of phosphate and g l u c o s e a l o n e a n d i n c o m b i n a t i o n o n t h e development of 2-cell embryos were examined by culturing embryos in M16 supplemented with or without 1.19 mmol KH 2 PO 4 l -1 (Sigma, St. Louis, MO) and with or without 5.56 mmol D-glucose l -1 (Sigma, St. Louis, MO). When phosphate or glucose was added, the concentration of NaCl was reduced to 95.1~97.6 mmol l -1 to maintain osmolarity of the medium at about 290 mOsmol.
Statistical analysis
The comparison of group means was made by Fisher's protected least significant difference (FPLSD) method following one-way ANOVA using the STATVIEW computer program (Abacus Concepts, Inc., Berkeley, CA, 12992). The data obtained were statistically analyzed by Weich's and Student's t-test and expressed as the mean ± SEM.
Results
The effect of osmolarity on the development of gerbil 2-cell embryos is shown in Table 1 . Almost all embryos cleaved to the 4-cell stage in the medium at all osmolarities except for 210 mOsmol. However, significantly fewer (P<0.05) embryos developed to the 8-cell stage at 210, 240 and 360 mOsmol than at 280, 290, 300, 310 and 320 mOsmol. The embryos at 280, 290, 300 and 310 mOsmol showed more development to the 16-cell stage, among them, there was no significant difference.
The incorporation and oxidation of 1 4 CMethionine in preimplantation gerbil embryos are shown in Figs. 1 and 2 , respectively. The incorporation and oxidation of 14 C-Metionine in fresh recovered embryos were significantly increased at 91 and 115 h after hCG injection ( P < 0 . 0 5 ) . O n t h e o t h e r h a n d t h e l o w e s t incorporation and oxidation of 14 C-Methionine in cultured embryos was observed at 115 h after hCG injection (P<0.05).
In the presence of glucose, 68-72% of 2-cell embryos developed to the 8-cell stage, independent of the presence of phosphate. However, in the absence of glucose, 9-36% of 2-cell embryos developed to the 8-cell stage (Table 2) . When glucose was added at various concentrations (0-8.0 mM) to M16 without phosphate (290 mOsmol), the developmental rates to the 8-cell stage at 2.0 and 4.0 mM were significantly (P<0.05) higher than those at 0, 6.0 and 8.0 mM (Table 3) .
Discussion
The present study shows that the osmolarity of culture medium plays an important role in in vitro development of Mongolian gerbil embryos. The r es u l t s o b t a i n e d c l e a r l y i n d i c a t e t h a t t h e development of Mongolian gerbil 2-cell embryos up to the 16-cell stage is largely dependent on the osmolarity of the medium. It was reported that h i g h c o n c e n t r a t i o n s o f N a C l i n h i b i t t h e development of mouse 1-cell [17] [18] [19] and 2-cell embryos [20] to the blastocyst stage. The optimal osmolarity of medium for development of rabbit 2-cell embryos has been reported as 230-339 mOsmol [21] , and hamster 2-cell and 8-cell embryos show a wide range of optimal osmolarities, 250-325 m O s m o l [ 2 2 ] a n d 2 2 5 -3 0 0 m O s m o l [ 2 3 ] , respectively. More limited ranges of osmolarity are reported for the optimal development of mouse 1-cell, 250-280 mOsmol [6] and 2-cell embryos 272-280 mOsmol [5, 6] , and rat 1-cell embryo's 244-246 mOsmol [24] . The results of the present study suggest that the optimal osmolarity for the development of Mongolian gerbil 2-cell embryos to the 16-cell stage ranges between 280-310 mOsmol.
In many species, maternal ribosomes and mRNA stored in the ovulated egg play an important role in early embryonic development [25] . The transition f r o m o o g e n e t i c t o e m b r y o n i c c o n t r o l o f development starts with ovulation, as oogenetic mRNAs and protein synthesis begin to decline, and is essentially complete after one to three cleavage divisions, by which time embryonic transcription has begun [26] . It is clear that the timing of this transition is a species-specific characteristic. The transition occurs in the 2-cell stage in mice and is characterized by precipitous declines in oogenetic m R N A a n d p r o t e i n c o n t e n t , a c t i v a t i o n o f transcription of the em br yoni c g en om e , a corresponding shift in polypeptide synthesis pattern, and the onset of sensitivity to the transcriptional inhibitor α-amanitin [27] [28] [29] [30] . The transition occurs in the 4 to 8-cell stage in the human [26] , in the 2-cell stage in the hamster [31] , in the 4-cell stage in pigs [32] and in the 8 to 16-cell stage of sheep and cows [26] . Maternal mRNA is used in translation in early mouse and rabbit embryos as indicated by the unchanging rate of protein synthesis [33, 34] . In the present study, the transition occurred at the 16-cell stage in the gerbil.
In this experiment, we found no cleavage after the 16-cell stage. In a previous report, 1-cell gerbil embryos were blocked at the 16-cell stage when they were cultured in modified M16 [3] and modified TCM199 [2] . These results correspond to the result of this protein synthesis. There is considerable evidence that inclusion of glucose in the culture medium at levels similar to those in plasma inhibits embryo development in many species, including the hamster [11, 35] , mouse [17, [36] [37] [38] , rat [24, 39, 40] , cow [41] , sheep [42] , and human [43, 44] . In the hamster, the combination of glucose and phosphate arrests development [11, 13] , reduces respiration [45] , and disrupts mitochondrial organization [46] . To prevent this inhibition and to promote embryo development, glucose and phosphate have frequently been omitted from embryo culture media [17, 36, 39, 44, 47] . It is explained as the 'Crabtree effect', in which glucose suppresses oxidative phosphorylation [48] . A facilitated transport system for glucose is present in the mouse embryo from at least the two-cell stage [49] [50] [51] , whereas the glucose transporter Glut 1 can be detected even in the unfertilized mouse oocyte [52] . Although the metabolism of glucose is low in the early stage of embryo development, glycolysis significantly increases at the blastocyst stage in mice [53] and hamsters [54] . In the mouse, glucose is the preferred energy substrate for the inner cell mass [55] . All of these data imply a physiological role for glucose in embryo development. In the present study, glucose was inhibitory at high concentrations, but the lower concentrations (2.0 and 4.0 mM) of glucose increased 8-cell stage embryos' development as compared with 5.56 mM glucose, suggesting that gluco se deprives Mongolian gerbil embryos of physiological nutrients.
Studies of rat and hamster embryo culture reported that the complete removal of phosphate from embryo culture medium may be necessary to maintain developmental competence [12, 39, 40, 45] . In this experiment , the complete removal of phosphate from the embryo culture medium slightty increased developmental rate from the 2-cell to the 8-cell stages compared with embryos cultured in 1.19 mM phosphate, but it was not significantly different. We suggest that the complete removal of phosphate from embryo culture medium may improve in vitro development of early Mongolian gerbil embryos.
Some chemically semidefined or defined media can support in vitro development of embryos in rat, rabbit and hamster embryos to the blastocyst stage, but with various degrees of success [39, 40, 56, 57] . Amino acids improve the development of mouse [58, 59] , rabbit [56] and hamster [57, 60] embryos in vitro. In this report, we demonstrated the possibility of developing a chemically defined medium for Mongolian gerbil embryos. Future research is needed to examine the effects of various amino acids in the culture medium for in vitro development of Mongolian gerbil embryos.
